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SUMMARY 



A ir.odel of a hypothetical canard airplane, v/hich v;as 
designed to he of the sane size and general aerodynam'ic 
characteristics as a Boeing 3-247 airplane, v/n.s tested in 
the N.A.C.A, gust tunnel at one wing loading, one forward 
speed, one gust velocity, and three gust gradients. The 
purpose of these tests v/as to determine the reactions of 
the model and to compare them with the results of unpub- 
lished tests on an equivalent model of the Boeing B-247 
a i r p 1 an e . 

The loads on the stabilizer of the canard model and 
the subsequent pitching motion could not be neglected; 
the current method of analysis was therefore extended to 
include these factors. Calculations were made based on 
the unsteady-lift functions for finite and infinite aspect 
ratio and for two interpretations of wing area. The re- 
sults were compared with experiment and th.e best agreement 
was found to result when the net wing area and the un- 
steady-lift functions for infinite aspect ratio were used. 

A comparison of the results from the two tests re- 
vealed that the resultant acceleration increment for the 
canard model was much higher than that for the Boeing 
B-247 model* The analysis indicated, however, that the 
stabilizer loads on the canard model accounted for the 
difference so that the aerodynam.ic loads on the wings of 
the two models: were approximately equal. Thus, although 
the acceleration increment and the stabilizer load on the 
canard model are higher than those on the corresponding 
conventional arrangement, the net wing load on the canard 
model appears to be smaller by virtue of the greater in- 
ertia load acting to oppose the aerodynamic load. 
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lUTHODUCTIOK 



The wing loading and the power of present-day air- 
planes are constantly increasing. As a result, the slip- 
stream produces uncertainty in the stability and the con- 
trol characteristics and, in general, ha.s adverse effects 
on them. With a view toward .overcoming these difficult- 
ties, designers are reconsidering the pos s ih i 1 i t i e s of 
the canard airplane. Bec<'Jiuse data on the gust-load fac- 
tors on this type of airplane are lacking, tests were con- 
ducted in the K.A.C.A. gust tunnel to determine the reac- 
tions of a cana,rd model of the same size and general 
aerodynamic characteristics as a previously tested dynam- 
ically scaled model of a Boeing B-247 airplane. 

The current method of analysis for gust-load factors 
(reference l) v/as developed for the conventional mono- 
plane. A simplifying assumption of reference 1, that the 
pitching motion he neglected, implies that there is zero 
tail load and zero j)itch and that the conventional mono- 
plane may "be represented as a flying wing during passage 
through a gust. The downv/ash from the wing on the tail 
surfaces effectively reduces the change of angle of at- 
tack of the stahilizing plane "by a'bout 50 percent and, in 
addition, the tail enters the gust later than the wing so 
that the development of lift on the tciil starts after 
that on the wing. Inasmuch as the wing has pro'bahly 
passed its peak load-factor increment "before the tail 
lift can become apprec ia'ble , the simplifying assumption 
is reasonable. Experiments (reference 2) bear out the 
correctness of this analysiSf 

There is, however, reason to believe that, with the 
horizontal stabilizing plane ahead of the wing surface, 
a canard airplane will not satisfy the conditions previ- 
ously set forth. The stabilizing plane is no longer sub- 
ject to the dov/nwash from the wing and, in addition, it 
enters the gust ahead of the wing so that the development 
of lift on the stabilizer precedes that on the wing. The 
combination of these two factors a.pparently makes it pos- 
sible for the stabilizing plane to have doveloTjed an ap- 
preciable lift when the airpla^ne experiences peak accelor 
ation. An adverse pitching motion ma,y arise to increase 
further the acceleration increment. It is therefore felt 
that these factors should be taken into account v/hen the 
reactions of a canard airplane are being determined. 
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In this paper, the experimental res^ilts of the giist- 
tunnel tests of the model are compared with computed re- 
sults "based on the theory of unsteady lift as applied to 
the conventional monoplane. Additional computed results 
are presented that are based on several analyses in which 
the unsteady-lift functions are applied to "both the wing 
and the stabilizing plane of the canard airplane. Unpub- 
lished results of a previous test of a model of the Eoein 
B-247 airplane are also compared with the results of the 
present investigation. 

APPARATUS 



The gust tunnel and its related equipr.cnt '.-re de- 
scribed in reference 2. 

The canard airplane model is shown in figures 1 and 
2. Its pertinent characteristics as well as those for 
the hypothetical full-size airplane are given in figure 
2 and table I. The weights and the mass distribution 
about the pitching axes were scaled to represent condi- 
tions at an altitude of 7,200 feet. The gross wing area 
referred to in table I is the plan-view area of the wing 
including the fuselage intercept, and the net wing area 
is the gross wing area minus the fuselage intercept. En- 
gine nacelles and other protuberances wore left off the 
model. 

The wing was made as rigid a,s x^racticable in order 
to eliminate effects due to its deflection in the steep- 
est gust gradient. The natural period of the wing is 
given in table I and the deflection curve f or a load fac- 
tor of 1.54 is given in figure 3. 

The three gust-velocity distributions or profiles 
for which the tests were made (gradient distance H = 0.7 
3-7, and 8.2 ft) were approximately linear and are 
shown in figure 4 as plots of the ratio of local gust 
velocity U to the average maximum gust velocity Ujpax^^^ 

against the distance, in feet, from the leading edge of 
the gust tunnel. 
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TESTS 



The tests consisted of flights of the nodel over the 
gust tunnel at fixed values of the forward velocity and 
of the average maxirnuni gust velocity. A rxininuLa of five 
flights was made for each of the three gust gradients. 
Measurements were made of flight velocitj^, gust velocity, 
nornal acceleration, vertical displacement, and pitch. 



PRECISION 

The measured qu^intities are estimated to he accura.te 
within the following limits for any single test or run. 

Acceleration increment. :t0.1g 

Forward velocity. . . . xl.O foot per second 

Gust velocity ±0*1 foot per second 

Pitch ±0.2^ 

Vertical displacement . ±0.01 foot 

Approximate computations of the effect of wing flex- 
ihility indicated an error of ahout 1.5 percent in the 
acceleration increment for the sharp-edge gust (E = 0.7 
ft) and smaller errors in those for the gradient gusts 
The error due to wing flexihility is thus within the 
limits of accuracy of the rest of the data, and v/ill "be 
neglected. 



In addition to errors in measurement, there exist 
errors due to the disturbed motion of the airplane model 
prior to entry into the gust. These motions may persist 
during the traverse of the gust. Inasmuch as it is im- 
practicahle to catapult an airplane model into a condition 
of steady gliding flight at the attitude, the speed, and 
the flight-path angle for which it is trimm.ed, oscilla- 
tions in pitch, forward speed, and acceleration will take 
place when the airplane model leaves the catapult. These 
oscillations can "be separated into a short-period oscil- 
lation that is highly daraped and a long-period oscilla- 
tion, the well-known phugoid, that is only slightly damped 
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The short-period oscillation consists priEiarily of 
vertical and rotational motions of the airplane and, for 
the canard airplane model, these oscillations will have 
a period of ahout 0,6 second and a time to damp to one- 
twentieth of the original amplitude of a"bout 0.24 second, 
which corresponds to about 14 feet of travel "by the air- 
plane model after take-off. Since the disturbances arise 
from the action of the catapult at the point of take-off, 
which is a minimum of 14 feet from the gust tunnel, a 
disturbance that impressed an acceleration of Ig on the 
airplane would cause an error during the traverse of the 
gust tunnel of less than 0.05^5 in the measured accelera- 
tion increment. Inspection of acceleration records from 
various airplane models that have undisturbed paths of the 
order of 30 feet (that is, zero gust velocity) indicates 
that the oscillations have disappeared before the airplane 
model reaches the gust tunnel and that the maximum error 
in acceleration increment v/ould be less than 0.05g. 

Inspection of the records previously mentioned indi- 
cates, however, that appreciable variations may exist in 
the "reference" direction of the airplane axis (that is, 
in the direction prior to entry into the gust), from 
which the pitch-angle increment is measured. These vari- 
ations may lead to a possible error of the order of 0.3^ 
in the maximum pitch increment for the longest gust- 
gradient distance. This error will not affect the shape 
of the curves but will result in a vertical displacement 
of the curves above or below the true curves. 

The oscillations in pitch, forv/ard speed, and accel- 
eration that correspond to the phugoid oscillation will 
have a period of the order of 6 seconds. Computations of 
the errors caused by this oscillation indicate a maximum 
possible consistent error of 0.15g in the acceleration 
increment for a gust with a gradient distance of 8 feet 
and an error of 0.0?g for a gradient distance of 4 feet. 
Inspection of the records used in the previous discussion 
of the short-period oscillation fails to indicate an 
error of this magnitude and it is felt that the maximum 
error due to this source under the test conditions is of 
the order of 0.05g. The error in pitch increment due to 
the phugoid oscillation is twofold: an error of the 
order of 0.02° that will modify the shape of the pitch- 
increm.ent curves, and an error with a possible maximum 
value of 1° that will tend to rotate the pitch-increment 
curves about the point of reference. 
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In view of the results of this analysis, it appears 
that the e^rrors (in the acceleration increments) arising 
from extraneous oscillations of the modal are negligible 
except for the longest gradient distance (H = 8 ft). It 
also appears that use of the pi t ch- incr em en t curves in 
the longer gradient distances for detailed comparisons 
with computations is unwarranted in view of the errors 
that are possible in determining the initial pitching 
condition of the model. 



SYMBOLS 



L lif t . 

g acceleration of gravity, 
airplane we ight . 

dCx 

, slope of lift curve. 

da 

p mass density of air. 

U gust velocity. 

V forward velocity. 

S area. 

c chord length. 

s distance penetrated into gust, chord lengths. 

Cjj unsteady-lift function for an airfoil penetrat- 
^ ing a sharp-edf'e gust. 

CjT^^ unsteady-lift function for a sudden change of 
angle of attcick. 

For the purpose of this paper, ^ and C^^ are 

the ratios of the lift 'coefficient at any distance s to 
the lift coefficient after an infinite distance has been 
traversed (steady flov/). 

q dynamic pressure. 

8 pitch angle, degrees. 
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4^ pitching velocit^^, radians por second* 
at 

\^ horizontal distance frcn center of gravity?" to 
aerodynamic center of wing. 

Is horizontal distance from center of c]:ravity to 
aerodynamic center of stahilizer. 

M pitching moment. 

mky^ moment of inertia. 

a angular acceleration. 

An acceleration increment on airplane. 

Anjn acceleration increment on airplane due to verti- 
cal motion. 

Ano acceleration increment on airplane due to action 
of gus t . 

^^total tota-1 acceleration increment on airplane. 

Ano, load-factor increment on wing due to action of 



•'w 



w 



1w 



t 0 1 al 



gust . 



An^Q.. load-factor incremxent on v/ing due to vertical nc 



tion of airplane. 



An load-factor increment on wing due t pitch-angle 

^ increment of airplane. 



An^ load-factor increm.ent on v/ing due to pitching 
velocity of airplane. 



An^^. . , total load-factor increment on wing. 



Corresponding definitions for the stahilizer hold 
for symhols having subscript s instead of w. 

Subscripts : . 

w wing. 

s stabilizer. 
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2 distance of surface into gust at vfnich lift is 

desired. 

3 distance of center of gravity into gust at 

which acceleration increment occurs. 

4 distance of center of gravity into gust at 

which acceleration increnent reaches a r.ax- 
imum . 

When subscripts w and s are used v/ith distance 
penetrated into the gust s, the resulting term represents 
chord lengths of the surface referred to hy the subscript. 



RESULTS 



Records of two flights for each gust gradient wore 
evaluated to give sample histories of events during pas- 
sage through the gust. These results a^re shov/n in the 
uncorrected form in figures 5, 6, and 7 plotted against 
the distance, in wing chord lengths, penetrated into the 
gust. The chord length used in this case is the mean 
geometric chord "based on the gross wing area. The oscil- 
lations superimposed on the acceleration-increment curve 
for the sharp-edge gust (fig. 5) v;ere due to the flexing 
of the wings as a result of the gust. 

In view of the precision of the measurements and the 
tests, it is felt that too much v;eight should net he 
placed on the experimental pitch-angle increrxent curves 
for the 8-2~foot gradient condition (fic^ 7). 

In order to eliminate the effects of slight depar- 
tures from the nominal values of air speed and gust ve- 
locity, the maximum a-cc el erat i on increments were correct- 
ed to a forward velocity of 60 feet per second (40.9 mph) 
and a gust velocity of 6.6 feet per second. These rf>- 
sults are shown in figure 3 plotted against the gradient 
distance in feet. Por purposes of c cmpari s ':?n , computed 
results hased on the current method of analysis of ref- 
erence 1 are included in figure 8. A cons iderahl e dis- 
crepancy will he noted hetv/een the experimental and the 
computed results. 
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ANALYSIS 



The discrepancy hetween the experinental and the com- 
puted results "based on the current method of analysis 
(reference 1), shown in figure 8, indicates that all fac- 
tors have not "been taken into account. As previously 
mentioned, there is reason to helieve that the tail loads 
and the pitching motion srould "be included when the reac-- 
tions of a canard airplane are being determined. An at- 
tempt was therefore made to include these factors in ex- 
pressions of a general nature that could "be applied to 
all types of canard airplanes. The individual integrals 
in the following equation have been derived to represent 
the forces due to the motion of the airplane during pas- 
sage through the gust. The first two integrals express 
the load-factor increments on the wing and the stabilizer 
due to the action of the gust. The third and the fourth 
integrals represent the alleviation due to the vertical 
motion of the airplane. The last four integrals repre- 
sent the load-factor increments due to the pitching mo- 
tion of the airplane. The general expressions follow: 

ciCL pVS^ n""'^ ^ . N dU . 

^^total = ^^Hotal^^ ^ ^'^2- ^^^li:; ^''^ 



da,3 




dCx, 






2 1 


u 


dCL 


pSs^s 


dttg 


2 1 
'J 


dCr^ 





/ Gt (ew„ - Sw) An (E,^)dsw 
S3 

Cl (ss^ - Ss)An (ss)dss 
a «-> 



dav; 57.3 / ^^^4 ^w'^^^^ 

'^0 



10 



N.A.C.A. Technical Note lio. 758 



dCL Sgq r- ^^4 - , 

+ / Cj (sg,^ 



dtto 57.3 



/ 



S R ) ~ ^ ^ S 



dac 



(1) 



(2) 



A rigid simultaneous solution of eq^uations (l) and 
(2) is obviously?- extremely difficult "because the various 
integrals of the equations are mutually int erdej-'enden t and 
some of them contain discontinuous functions.,.. 

In order to solve these equations for the canard air- 
plane, the principle of superposition was employed liy 
first assuming the airplane to pass over the .-;us t v/ith 
only one motion, nv-^.mely, uniform forward velocity. The 
effect of the gust alone could then he calculated and used 
when determining the effects of the vertical notion and 
the pitch of the airplane. In order that these subsequent 
calculations ni^rht be performed, certain of the initial 
restrictions on the motion of the airplane were removed. 
These restrictions are: 

(1) Ho ve r t i cal -di splac enent increment of the cair- 

plane occurs as it passes over the £^ust. 

(2) No r)itching motion of the airplane occurs ar:i it 

passes over the gust. 

When these restrictions are imposed, the only inte- 
grals to be solved a,re the ones that describe the accel- 
eration increm.ent or the load factor due to the action of 
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the gust on the win^^ and the stahilizer. These integrals 
are : 

dCL pVSw r^''2 dU . 

Z / CL^(-wp - s,,o— -s,^ 

^0 

and 1^ ^ (sg - ss)— -dss 

da« 2 ./ S <^ 



0 



These integrals may "be solved analytically or by 
means of Carson ^s theorem, as used in reference 3, depend- 
in^; upon the complexity of the variables dU/ds and C^^. 

o 

In the solution for the canard airplane, the integrals 
were solved analytically by assuming a linear c^ust and by 
usin<r expressions for Cj^ that wore amenable to integra- 

tion. The acceleration increment on the airplane was 
found by plotting the loading increments on the wing and 
the stabilizer as they passed through the gust and then 
cor.bining them algebraically. An illustration of this 
method is shown in figure 9. 

The next stop in the soltition v/as to remove the first 
restriction on the motion of the airplane. The integrals 
based on the vertical motion of the airplane, which are 
the third and the fourth terms in equation (1), could then 
be evaluated. They are: 



cLCt. PS..C.. ^^"^3 



^L^(sw,^, - Sv/)An(sw)dsw 

w ^ 

0 



daw 2 'i 



and 



U 0 Jj 

das 



0 



Ss)An(s£)dss 



The terms An(s^;-) and An(ss) express the varia- 
tion of the final acceleration increment value as a func- 
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tion of the chord-length penetration of the sv.rfp.ces into 
the gust. For the solution of these integrals, the func- 
tions An(s^) and An(ss) were assumed to he linear. 
The integrals were then put in the lorn 



^^p_S^ dCL / ^^^3 ^ sjs^ds. 



2 s^ da-^ ^ , 
^ ^0 



pSsC3 dCL />'^'3 

+ An / Cj (Se - s^) Sods, 

2ss^ das / ^a' ^3 ^/ o , 



and, "by the use of suitable expressions for ^L^* they 
were readily solved. 

The solution could then he put in the forn 

An^^ = KAn (3) 

for a particular value of s ; and K, a constant for a 
particular value of s^, could he i^lotted as a function 
of s^ for a series of values of Sr-^,. 

The impressed acceleration can he determined from the 
following relation: 

An = An^ - KAn (4) 

for a particular value of Sr^. 

In the present analysis, it was found that the proc- 
ess of evaluation might ho further simplified hy putting 
eq.uation (4) in the form 

An = -— io) 

1 + K 

for a particular value of s^. Ilote that the value of 
acceleration increment found here is similar to the value 
that would he obtained from tlie equation derived hy 
Kussner (reference 4) and solved in reference 1, with the 
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excoption that the sta"bilizer loads are here taken into 
acc oimt • 

It should also "be noted that, "because of the stahi- 
lizer loads and the position of the center of gravity, 
the ma.xinum acceleration increrr^ent on the airplane no 
lon{ier occurs when the centor of gravity of the airplane 
is at the point where the assumed gust shape first at- 
tains uniform velocity. 

The second restriction on the notion of the airplane 
was removed in order to investigate the influence of 
pitchin,^ notion on the acceleration increment. 

As a first aj^pr oxinat i on , the dampinj^' of pitch due 
to the pitching motion of the airplane was neglected and 
the direct effect of the loads on the stahilizer and the 
wing that arise from the action of the gust and the ver- 
tical motion of t ho airplane was investigated. 

The method used was to compute the moments ahout the 
center of gravity of the airplane that arise from the 
loads imposed hy the action of the gust and "by the verti- 
cal motion of the airplane. These moments were comhined 
and plotted against the distance penetrated "by the model 
into the gust for the 3.7- and the 8.2-foot gust gradients. 
The sharp-edge-gust condition was omitted since the effect 
of pitch was felt to he inappreciable until after the air- 
plane had reached its peak acceleration. The first inte- 
gral of the moment curve gives a measure of the pitching 
velocity, and the second integral gives a me as tire of the 
pitch angle of the airplane. 

The pitching-veloc ity and the pitch-angle curves were 
then used in conjunction v/ith a previously selected ex- 
pression of the unsteady-lift function for the solu- 
tion of the last four integrals of eq.uation (l): 



da;^ 57.3 / 



'W4 



"a 



)■- 

dS;.r 



dag 57.3 



Ct (s- 



s )-^ds 
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da, 



w 



(s 



W4 



- s 



V/ 



Vat 



ds 



w 



-dsi 



da^ 



"a 



Vdt 



-ds . 



with 
d 



The 
the 



variation of pitch 
into the gust; the 



angle 
term 



is the variation 



term d8/ds is the 
distance penetrated 

dt 

the distance penetrated into 

were then solved "by use of Carson's theorem I'or tiie ac- 
celeration increments at the previously determined peak 
acceleration, and the values were conhined with those 
obtained fron equation (5) to give the final acceleration 
increment on the airplane. 



of pitching velocity with 

the gust. These integrals 

1 1 



Throughout this analysis, no mention has "been made 
of the specific expressions used for the quantities C- 



and Cjj 



a 



As in previous papers, such as reference 



the analysis v/as carried out "by using the unsteady-lift 
functions for infinite aspect ratio as derived hy Kiissner 
(reference 4) and Wagner (reference 6) £?nd comxoaring the 
results with those obtained "by using the unsteady-lift 
functions for finite aspect ratio as derived by Jones 
(reference 7). Curves for aspect ratio 6, based on refer- 
ence 7, are included in this paper as figure 10. 



The effect of unsteady lift on a fuselage-wing com- 
bination has not been determined; computations were there- 
fore made using both the gross wing area and the net wing 
area with corresponding wing chords as sui^;gested in ref- 
erence 2. 



DISCUSSION 



The equations were first evaluated based on the gross 
wing area and the un s t e ady- 1 i f t functions for infinite 
aspect ratio because the use of these functions in previ- 
ous papers indicated the best agreement with the experi- 
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mental data for c onver t i onal airplanes. It was found for 
the canard airplane that, although the agreement was good 
in the sharp-edge gust condition, the effect of pitch in 
the longer gradients (H = 3.7 and 8.2 ft) modified the 
loads to such cin extent that the agreement with the test 
results was poor (ta^ble II, columns 1 and 6). 

A similar analysis was made using Jones' unsteady- 
lift functions for a finite wing (reference 7). The al- 
leviation duo to pitch was so great in the 3.7-foot gust- 
gradient condition, however, that computations for the 
8.2-foot gust-gradient condition were felt to "be useless 
(ta"ble II, column 2). 

A third analysis was then made using the unsteady- 
lift functions for infinite aspect ratio and the net wing 
area. The results from this analysis agreed v/ith the 
tost data within 0.2g for all the gust-gradient condi- 
tions (tahle II, columns 3 and 6). It is interesting to 
note that the loa-d-factor increm.ents caused "by pitch an- 
gle reversed in sign for the 3. 7-foot gust-gradient con- 
dition. The interpretation of the v/ing area and the chord 
is therefore ohviously very important in calculating the 
load factors and the stability for a canard airplane. 

As prsviovisly mentioned, the analysis pointed out 
that the maximum acceleration increment need not occur 
at the point v/here the gust velocity first becomes uni- 
form.. Heference to figure 6 shows that the experimental 
results hear ou.t the analysis in this respect. 

In an effort to arrive at better agreement, calcula- 
tions were made using the net v.''ing area and Jones* un- 
steady-lift functions for finite aspect ratio. Although 
the total acceleration increments for the conditions of 
the sharp-edge gust and the 3.7-foot gust gradient vzere 
in good agreement with the test results, the magnitude of 
the pitch terms in the condition of the 8.2-foot gust 
gradient was such as to give very poor agreement (table 
II, columns 4 and 6). 

As stated before, the damping of pitch due to pitch- 
ing motion had been neglectod. An attempt was made, how- 
ever, to calculate this effect for the gust with a gradi- 
ent distance of 8.2 feet mentioned in the last paragraph. 
The approximate method of superposition v;a.s found to be- 
come as tedious as a strict solution, but there were in- 
dications that the load-factor increments would increase 
by a small amount. 
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From the consistency of the agreenent of the dorivod 
with the experimental results, the cinalysis using the not 
wing area and the unsteady-lift functions for infinite 
aspect ratio v;as chosen as "being the "best present solution 
for the load-factor increments of this particular canard 
airplane. Although a detailed comparison of the pitch- 
angle increment curves is not warranted "because of the 
limitations imposed hy the precision and the test proce*- 
dure , the calculated curves and the more relialDle experi- 
mental curves (neglecting the 8.2-foot gradient condition) 
do show the same trends and order of magnitude of pitch- 
angle increments in this case. 

The approximate analysis for this canard airplane is 
felt to be sufficiently accurate. Future tests on differ- 
ent types and arrangements of airplanes nay, however, 
"bring out a need for an analysis to cover other factors 
that would not be amenable to the procedure followed in 
this paper. 

Figure 11 shows a comparison of the results of un- 
published tests on an equivalent model of the Boeing B-247 
airplane with analytical results based on reference 1. A 
comparison of these experimental results v;ith those for 
the canard model (fig. 8) shov/s that, in all cases, the 
acceleration increment on the Boeing m.odel has a lower 
va,lue . This result apparently indicates tliat the gust- 
load factors on the canard airplane might have to be in- 
creased . 

V/hen the calculated results for each model are con- 
sidered, it should be remembered that the current method 
of analysis (reference 1) used for the Boeing model gives 
directly the load factor on the v/ing but that the analysis 
developed in this paper for the canard model gives a total 
acceleration increment, v/hich is the sum of both the sta- 
bilizer and the wing loads. A comparison of the values in 
column 3 of table II and in figure 11 shows that the aero- 
dynamic loads on the wings of the two models are approxi- 
mately the samxe but, when the resultant acceleration in- 
crements and the inertia, loads for each r.odel are combined, 
the indications are that the wing loads for the canard 
model will be less than those for the Boeing model. 

The arrangement of surfaces of a canard airpla.ne be- 
ing such that there is no downwash effect from, the v;ing 
on the stabilizer, it is felt that the design of this type 
of airplane, particularly in the nonacrobatic category, 
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should include an investigation of the gust-loo.d factor 
on the horizontal stahilizer. The procedure used in this 
paper is not recoianended tecause a gust of snail size 
would prohahly load tho stalDilizer to a greater extent 
than a gust that would affect the airplane as a whole. 

CONCLUDING REMARKS 



The conclusions drawn on the 'basis of the foregoing 
results and discussion are: 

1. The analysis chosen shows that, although the re- 
sultant acceleration increments and the stabilizer loads 
are greater for the canard airplane, the net v/ing stresses 
will he reduced helow those of an equivalent Boeing B'-247 
airplane. 

2. The gust loads on the stabilizer of a canard air- 
plane may he of impjor tanc e . 

3. The pitching motion should not he neglected when 
the gust-load factors on a canard airplane are calculated. 

4# For. the present case, theory and experiment indi- 
cate that the maximum acceleration increment need not oc- 
cur' at the point where the gust first attains uniform.ve- 
l.ocity. 

At the present time, there can he no recommended pro- 
cedure for the evaluation of the effect of pitching motion. 
For all cases, additional study and experiment are required 
on the following prohlems: 

1. The determination of the effective chord lengths 

ard surface areas for use in probler.s of un- 
steady flov/. 

2. The determination ox the effect of a gust on the 

stability of an airplane. 

3. The doterninat ion of the effect of pitching motion 

when a;a airplane enters a gust. 
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4. The determination of the criticL^l gust loads on 
the stahilizer of a canard airplane. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Lan{:ley Field, Va. , March 14, 1S40. 
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Table I 

Characteristics of the Canard Model 

Model Hypothetic 
airplane 

//eight, lb 1.301 13,650 

G-ross v/ing area, sq ft 1.445 835 

Mean geometric chord "based on the 

gross wing area, ft • 0.470 11.3 

Net wing area, sq ft 1.302 - 

Mean geometric chord based on net 

w i n g a r e a , f t 0 . •'I- S <> - 

Slope of wing lift curve, per radian • .4.5 4.47 

Natural wing period, sec 0.017 

Stabilizer area, sq ft 0.257 148.5 

Mean geometric stabilizer chord, ft , . 0.24^3 5.8 

Slope of stabilizer lift curve, per 

radian 4.0 

Moment of inertia, mky^ , slug-ft^ • . . 0.00790 247,000 

Gust velocity, fps 5.5 r6l.9 

Forward velocity, mph 40.9 200 
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Ta'blo II 

Values of Load ~Fc^,c t or Increments (ir: g units) from 



Summary of Analysis of Crmard Model 



Type of 

load- 
factor 
incre- 
ment 


1 


2 


i 4 
1 1 


1 

5 


O 


Gross wing area 
(Sw = 1.445 sq f t , 
Cw = 0.470 ft) 


Not wing area 
(S^ = 1.302 sq. ft , 
Cw = 0.422 ft) 


Current 
nothod of 
analy s is* 


E:-:per- 
i Ti e n - i 
tal j 


Using unsteady-lift functions for j 
A = t»jA=6 1 A = c»jA=5 1 A = coj j 


?or Sharp-Edge 


3ust 


Anow 
An^^ 

AnSvf 


1.90 
- . 21 


2. 16 

— #29 


1. 85 
-.24 


1.92 
-.20 

- 


_ 


~ j 

_ 
- 


^-^w total 


1.69 


1 . 87 


1. 61 




1.53 1 - 


Anog 
Annig 


0 . 35 
-.04 


0.37 
- .05 

- 


0. 35 
-.05 

- 


0.37 
-.04 


- 


- 

- 


^^Hotal 


0.31 

I - - r. 


0.32 


0 . 30 


0 . o 3 






^^total 


2.00 


2.19 i 1.91 1 2.05 




2.03 


Vnr 7,.7--Vc)ot Gr;.\dient Gust 


Ano^ 
Anra^/ 


2. 00 
-.62 
-.03 
-.07 


2.07 

- . 57 

- . 20 

- .11 


1.88 1 1.37 
- . 55 j - . 51 
.25 i .23 
-.03 I -.0 2 






^^^wtotal 


1.28 


1 .19 


1.55 ' 1.57 

\ 


1 .47 




Anog 

AnBg 
Ands 


0 . 35 

- . 11 

- . 01 
.03 


0.36 
-.09 
- .04 
.06 


0.35 ! 0.36 
-.10 1 -.09 
.04 j . 04 
.02 i .01 






total 


0 . 26 


0 . 29 


0.31 1 0.32 






Antotal 


1 . 54 


1 .48 


1.85 ! 1.S9 


1.47 


2.11 


For 8.2-5"cot Gradient Gust 


Anmy; 
Ane,,, 


1 .70 
- . 69 
-.21 
-.06 


1 . 85 
-.73 


1 . 58 
-.61 
- . 04 
-.04 


1 . 55 
-.67 
-.42 






A^wtotal 


0 .74 




0 . 89 


0.47 i 1.32 




Anog 
Ann-ig 

Anqg 


0 . 34 
- . 12 
-.04 
.03 


0.35 
- . 12 


0.33 
-.11 
-.01 

.02 


0 . 31 
-. 12 
-.08 
.05 


_ 

- 


_ 


A^s total 


0 . 21 




0. 23 


0 . 16 






Antotal 


0 . 95 




1. 12 


0 . 63 


1 . 32 


1 . ."5 
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Fig. 1 





Distance from center line, in, 
Figure 3.- Wing-ief lection curve. Load factor, 1.54 
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Figure 8.- Comparison of experiment and analysis. Canard airplane model. 
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Figure 9.- Variation of Ano with distance traveled into gust. 3.7 ft gust-gradient 
condition, V=^RO fps, U=6.5 fps 
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Figure 10.- Curves of C]^ and Gj^^ for aspect ratio 6 based on Jones' unsteady-lift 
functions (reference 7) . 
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Figure 11.- Cotriparison. of experiment and analysis, Boeing B-247 



